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(7) ABSTRACT

In order provide an energy dispersive X-ray analyzer that
can perform efficient measurement by optimizing signal
processing time of an X-ray counting section, an energy
dispersive X-ray analyzer is provided with an energy dis-
persive X-ray detector, an X-ray counting section for ana-
lyzing the signal from the energy dispersive X-ray detector
and generating a frequency distribution for each energy
level, namely an energy spectrum, and a data control section
for performing data processing, user interface etc. The X-ray
counting section of the energy dispersive X-ray analyzer has
signal processing methods with different processing times
for a single X-ray input, and a function for selecting which
method result to make use of using input X-ray energy.

2 Claims, 3 Drawing Sheets
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1
ENERGY DISPERSIVE X-RAY ANALYZER

BACKGROUND OF THE INVENTION

The present invention relates to X-ray counting circuit
technology for an energy dispersive X-ray analyzer.

In an X-ray counting section of an energy dispersive

X-ray analyzer, a counting efficiency representing a ratio of
incoming X-rays to X-rays actually counted, and an energy
resolution for the acquired energy spectrum are mutually
conflicting elements. There are differences in absolute val-
ues due to performance of respective devices, but there is a
relationship such that if the energy resolution is made good
the counting efficiency becomes poor, while if the counting
efficiency is made good the energy resolution becomes poor.
The reasons for this are as described in the following. In
order to obtain a satisfactory resolution, more information is
required. What this means in actual fact is that the process-
ing time per X-ray input is required to be longer. In the event
that the next X-ray is input within the processing time, the
information of the X-ray input before is disrupted by the
X-ray information input later, which means that those two
signals become discarded. Since X-ray input is a random
phenomenon, making the processing time longer in order to
improve resolution will increase the probability of subse-
quent X-rays being injected during processing causing dis-
card of data, and counting efficiency will become worse. As
a result, a processing time having a suitable balance between
energy resolution and counting efficiency is selected
depending on the use.
In a conventional energy dispersive X-ray analyzer, this
processing time, namely a balance between energy resolu-
tion and counting efficiency, is generally the same across
detectable energy regions.

Accordingly, in actual application, there are many
instances where the same energy resolution is not required
for all regions. In these type of cases, unnecessary signals
that conventionally require a long processing time, such as
those for energy regions that are not of interest for applica-
tion or energy regions that have no application problems for
the reason of being separated from the energy of character-
istic X-rays, also contribute to worsening of the counting
efficiency, and there is a problem that an unnecessarily long
time is expended on measurement. With the present
invention, attention is paid to this point, and the purpose is
to provide an energy dispersive X-ray analyzer that can
perform efficient measurement, by optimizing signal pro-
cessing time of an X-ray counting section.

SUMMARY OF THE INVENTION

In order to achieve the above stated purpose, an energy
dispersive X-ray analyzer of the present invention is pro-
vided with an energy dispersive X-ray detector for detecting
X-rays and outputting a signal containing energy informa-
tion of detected X-rays, an X-ray counting section for
analyzing the signal from the energy dispersive X-ray detec-
tor and generating a frequency distribution for each energy,
namely an energy spectrum, and a data control section for
performing data processing, and user interface etc. The
X-ray counting section of the energy dispersive X-ray ana-
lyzer has signal processing methods with different process-
ing times per X-ray input, and a function for selecting which
method to make use of using input X-ray energy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing of an
energy dispersive X-ray analyzer of the present invention.
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2

FIG. 2 is a drawing showing an embodiment of an X-ray
counting section of an energy dispersive X-ray analyzer of
the present invention.

FIG. 3 is a drawing showing the concept of processing
inside a processor (11) of the embodiment shown in FIG. 2.

FIG. 4A shows the appearance when performing two
different signal processing schemes for the same input.

FIG. 4B shows the appearance when performing two
different signal processing schemes for the same input, and
represents processing that has a long processing time per
single pulse, but is excellent with respect to energy resolu-
tion of acquired results.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

One example of an energy dispersive X-ray analyzer of
the present invention will be described in detail in the
following based on the drawings. First of all, an outline of
the overall operation of the energy dispersive X-ray analyzer
will be given based on FIG. 1, and then detailed embodi-
ments of the X-ray counting section will be described based
on FIG. 2 and FIG. 3.

If X-rays are incident into a semiconductor detector 1, a
current pulse having a total amount of electric charge
proportionate to the incident X-ray energy is generated. A
detection section contains a preamp 2 for converting the
generated current pulse to a voltage pulse, and the voltage
pulse is input to the X-ray counting section. At the X-ray
counting section, for a single input, a plurality of signal
processing sections 5 are operating simultaneously.
However, these sections have respectively different process-
ing times, and a favorable energy resolution is obtained with
systems having quite long processing times, but the prob-
ability of adjacent pulses overlapping in time is high. The
output from these signal processing systems is sent to a
signal selecting section 6, which selects which signal pro-
cessing system value is to be used based on an output value
of a signal processing system having the shortest processing
time, that is, the system acquiring results in the quickest
time. Data constituting a reference for determination,
namely data indicating correspondence between energy and
the signal processing sections, can be set form a data
processing section 4. Also, with an energy dispersive X-ray
analyzer having restricted application, it is possible to have
an embodiment having a fixed judgment reference in the
X-ray counting section without going through the data
processing section.

By performing selection in this way, data of a particular
signal processor is sent to a multi channel analyzer 7. By
repeating this process, an energy spectrum of X-rays inci-
dent to the detector is acquired, and the data processing
section 4 performs processing according to the purpose of
use. The operation of an energy dispersive X-ray analyzer of
the present invention has been outlined above.

Next, an X-ray counting section of the energy dispersive
X-ray analyzer of the present invention, capable of selecting
a signal processing method according to X-ray energy, will
be described in detail. One example of an X-ray counting
section contained in the energy dispersive X-ray analyzer of
the present invention is shown in FIG. 2. In this example, the
point that can be handled by a plurality of signal processing
systems without causing degradation in signal quality, and a
system using digital signal processing taking into consider-
ation the ease of realizing functions to diverge processing
according to the energy size will be described, but it is also
possible to realize by applying a plurality of analog wave-
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form shaping circuits and control circuits, which can be
considered modifications to the present invention.

A signal from the detection section that has been input
from the signal input section 21 is received by a buffer amp
8, and after unnecessary frequency components have been
removed by a low pass filter 9 it is sampled using an analog
to digital converter 10 and the input signal is subsequently
handled as a digital sequence. The sampled sequence
described above is taken into a processor 11, detection of
incoming X-rays and selection of an energy analysis method
are carried out inside the processor, and finally the energy is
obtained. The rank to which x-ray energy output from the
processor belongs is represented as an address in a dual port
memory 13, and an energy spectrum is constructed by
registering the number of X-rays incident at this address. An
interface circuit 12 is used for exchanging data stored in the
dual port memory 13 and exchanging setting information
corresponding to energy regions and the signal processing
method.

One embodiment of processing inside the processor is
shown schematically in FIG. 3. If data sampled by the
analog to digital converter 10 is taken in from the signal
capture section 23, it is processed by a two system digital
filter made up of a high resolution processing system 14 and
a high speed processing system 15. The input signal is
simultaneously sent to the block 16 for peak detection and
energy region judgment. In this block, peaks are detected by
looking at patterns of input signal change, and at the same
time energy is judged by carrying out digital filter processing
in response to a filter length from 2—4. The judged energy is
compared to data 29 corresponding to energy regions and a
processing method and a selection is made as to whether the
output from the high resolution system 14 or the output of
the high speed system 15 is used. The judged result is
notified to a pile up monitoring block 17. In the pile up
monitoring block 17, it is monitored whether or not peaks
are detected in time intervals appropriate to filter length of
respective signal processing systems before and after the
signal that has been peak detected. If the next peak is
detected inside the time interval, data is invalidated by
overlapping that peak with the peak before. When the next
peak is not detected within the processing time of the
selected signal processing system, the block 16 for peak
detection add energy region judgment sends an output value
to the interface section 24 with the dual port memory at a
timing corresponding to the selected signal processing, and
stores spectrum data.

In the embodiment described here, there are two signal
processing systems, but it is also possible to have a plurality
of processing systems, as required.

Also, with the previously described embodiment, it has
been described that a signal processing method is uniquely
decided for energy, but a variation is possible such that a
signal processing method for obtaining good energy reso-
lution is selected in a particular energy region, and in other
energy regions, a signal processing method for obtaining
good energy resolution is used when there is no pile up, and
a signal processing method with low energy resolution,
namely a short processing time, is only used when it is
possible to avoid overlapping with the previous peak by
using a signal processing method with low energy resolu-
tion.
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In order to explain the present invention, a simple
example will be given, as shown in FIGS. 4A and 4B. FIGS.
4A and 4B shows the appearance when performing two
different signal processing schemes for the same input. FIG.
4B represents processing that compared to FIG. 4A has a
long processing time per single pulse, but is excellent with
respect to energy resolution of acquired results. In both FIG.
4A and FIG. 4B, the horizontal axis represents time, and the
vertical axis represents signal processing output. In this
graph, one peak represents input of a single X-ray, and the
peak height represents the size of the energy of the input
X-ray. That is, in the range represented in this drawing,
X-rays are input twice, with the energy of the first peaks 25
and 27 being higher than that of the second peaks 26 and 28.
For example, energy regions corresponding to the high
peaks 26 and 28 are considered not to require such high
resolution. With the method of the related art, for regions
requiring the best energy resolution, a processing method
like FIG. 4B is selected, peaks 27 and 28 not requiring very
good energy resolution as results are overlapped, and valid
data is not acquired. If the energy dispersive X-ray analyzer
of the present invention is used, the two signal processing
schemes of FIG. 4A and FIG. 4B are carried out, and for
X-rays having higher energy input later, it is possible to
select a signal processing method of FIG. 4A, and it is
possible to produce valid data.

With an X-ray fluorescence analyzer of the present
invention, it is possible to switch signal processing methods
according to X-ray energy. In this way, regions for which
energy resolution is significant are separated from regions
where energy resolution is not so significant and it is
possible to reduce the signal processing time for regions
where resolution is not significant. This makes it possible to
perform efficient measurement.

What is claimed is:

1. An energy dispersive X-ray analyzer, comprising:

an energy dispersive X-ray detector for detecting X-rays

and outputting a signal containing energy information
of the detected X-rays,

an X-ray counting section for analyzing the signal from

the energy dispersive X-ray detector and generating a
frequency distribution for each energy, the X-ray count-
ing section having selection means for automatically
selecting a particular signal processing method corre-
sponding to the X-ray energy from a plurality of signal
processing methods, and

a data control section for performing data processing and

user interface.

2. An energy dispersive X-ray analyzer, comprising:

an energy dispersive X-ray detector for detecting X-rays

and outputting a signal containing energy information
of the detected X-rays,

an X-ray counting section for analyzing the signal from

the energy dispersive X-ray detector and generating a
frequency distribution for each energy, the X-ray count-
ing section having a selection section for automatically
selecting a particular signal processing method corre-
sponding to the X-ray energy from a plurality of signal
processing methods, and

a data control section for performing data processing and

user interface.



